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ABSTRACT: Soft porous crystals (SPCs) that exhibit stimuli-responsive dynamic sorption behavior are attracting interest 
for gas storage/separation applications. However, design and synthesis of SPCs is challenging. Herein, we report a new type 
of SPC based on a [2+3] imide-based organic cage (NKPOC-1) and find that it exhibits guest-induced breathing behavior. 
Various gases were found to induce activated NKPOC-1 crystals to reversibly switch from a “closed” nonporous phase (α) to 
two porous “open” phases (β and γ). The net effect is gate-opening behavior induced by CO2 and C3 hydrocarbons. 
Interestingly, NKPOC-1-α selectively adsorbs propyne over propylene and propane at ambient conditions. Thus, NKPOC-1-
α has the potential to separate binary and ternary C3 hydrocarbon mixtures and performance was subsequently verified by 
fixed bed column breakthrough experiments. In addition, molecular dynamics calculations and in situ X-ray diffraction 
experiments indicate that the gate-opening effect is accompanied by reversible structural transformations. The adsorption 
energies from molecular dynamics simulations aid are consistent with the experimentally observed selective adsorption 
phenomena. The understanding gained from this study of NKPOC-1 supports the further development of SPCs for 
applications in gas separation/storage since SPCs do not inherently suffer from the recyclability problems often 
encountered with rigid materials.
INTRODUCTION
Soft porous crystals (SPCs) as exemplified by third-
generation metal-organic frameworks (MOFs) are 
attracting attention for their stimuli-responsive behavior 
that is accompanied by reversible structural 
transformations.1,2 Structural dynamism offers potential for 
applications as diverse as selective gas adsorption and 
separation,3 gas storage,4,5 sensing,6 smart materials7 etc. 
Until now, SPCs have concentrated on flexible MOFs8-11 
which can undergo reversible phase transformation(s) in 
response to external stimuli such as host-guest 
interaction,12 temperature11 or pressure.14 In general, 
flexible MOFs that exhibit guest-dependent dynamic 
sorption function through organic linkers and metal or 
metal clusters can contort their structural features and 
thereby exhibit high working capacity and/or highly 
selective adsorption for specific gas molecules.15-21 
However, flexible MOFs are typically limited by high cost, 
complex synthesis and low stability to multiple cycles of 
regeneration. Exploring new classes of SPCs that can 
address these limitations is the focus of this contribution. 
Molecular crystals formed by organic molecules or metal 
complexes are also known to undergo guest-dependent 
dynamic sorption behavior22-24 but as they do not usually 
exhibit intrinsic porosity until they are subjected to an 
appropriate stimulus, they are in some ways counter-
intuitive. Prototypal examples of SPCs based upon 
molecular crystals include calixarenes and Werner 
complexes as first studied by the groups of Atwood25 and 
Barrer,26 respectively. In both situations, non-porous 
molecular compounds were observed to transform to host-
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guest compounds upon exposure to selected gases and/or 
vapors. Other examples have been reported27-30 but they 
remain generally understudied. SPCs based upon MOFs are 
distinct from molecular solids in the forces that control 
their crystal structures; the former utilize coordinate 
covalent bonds, the latter weaker forces such as hydrogen 
bonding or van der Waals interactions30,31 Molecular 
crystals might therefore be expected to undergo the phase 
transformations required of SPCs with lower activation 
energies and less strain than flexible MOFs.1 Such 
molecular crystals provide a distinct strategy to create a 
new generation of guest-responsive materials.32 
Porous organic cages (POCs)33-37 are a relatively recently 
introduced type of molecular crystals and are ideal 
candidates to serve as SPCs1,38 because they can exhibit 
both intrinsic porosity and extrinsic porosity. Moreover, 
POCs possess distinctly different features from network 
materials (e.g. MOFs, zeolites) especially solubility in 
common solvents. They can also offer high chemical 
stability, low density and good processability allowing for 
ease of handling, recrystallization and thin film-fabrication. 
However, although POCs have been developed for over a 
decade,39-45 their use to prepare SPCs that exhibit stimuli-
responsive dynamic sorption behavior and reversible 
structural transformations is underexplored. We report 
herein the synthesis of a [2+3] imide-based organic cage 
NKPOC-1 (NKPOC = Nankai Porous Organic Cage) which 
exhibits both intrinsic and extrinsic porosity in the solid 
state (Scheme 1). Specifically, upon exposure to various gas 
molecules, activated NKPOC-1 crystals reversibly switch 
from a “closed” nonporous phase (α) to two types of 
porous “open” phases (β and γ). We address the relevance 
of these phenomena to gas separations and use molecular 
dynamics (MD) calculations and in situ adsorption/PXRD 
experiments to study the mechanism of the gate-opening 
sorption behavior of NKPOC-1. 
Scheme 1. The two structural transformations observed 
herein are likely to be general for POCs that form SPCs. For the 
α→β phase transformation, guest molecules (turquoise) reside 
between cages only; for the α→γ phase transformation, guest 
molecules (red) lie both within and between cages. 
RESULTS AND DISCUSSION
Synthesis and characterization of NKPOC-1. NKPOC-1 
was prepared via a one-step condensation reaction of a 
flexible tri-amine and a rigid dianhydride in acetic acid 
(Figure 1a). The 1H NMR spectrum (Figure S1) has three 
signals at 8.07, 7.47 and 6.35 ppm which can be assigned to 
hydrogen atoms on aromatic rings, indicative of the 
symmetric structure of NKPOC-1. Electrospray ionization 
mass spectrometry (ESI-MS) has a signal at m/z 
=1067.2991 corresponding to the expected [2+3] product 
[C60H42N8O12]H+.
Rhombus-like single crystals of NKPOC-1 were obtained 
through slow evaporation of NKPOC-1 in dichloromethane 
and ethyl acetate. Single-crystal X-ray diffraction (SCXRD) 
revealed that NKPOC-1 had crystallized in monoclinic 
P21/c (a = 20.7759 Å, b = 15.7504 Å, c = 18.2205 Å, β = 
97.372°, V = 5913.0 Å3) as a solvate, C60H42N8O12·xSolvent 
(NKPOC-1-β, solvent = dichloromethane or ethyl acetate). 
As expected, NKPOC-1 exists as a trigonal prismatic cage 
(Figure 1). The cage assembles into zigzag-shaped layers 
along the bc plane via π - π  interactions between the 
benzofuran-1,3-dione rings (with a distance ~3.4 Å) 
(Figure 1b). Solvent molecules are located in cavities 
between the 2D layers (the interlayer distance measured 
between two nitrogen atoms in adjacent cages is ~7.9 Å, 
Figure 1c). No solvent was observed inside the cage. These 
results indicate that NKPOC-1 is isolated as the β phase 
illustrated in Scheme 1. Powder X-ray diffraction (PXRD) 
confirmed bulk purity of the as-synthesized sample (Figure 
S2). Interestingly, in-situ PXRD revealed that NKPOC-1-β 
gradually loses solvent in air to form a new close-packed 
phase (NKPOC-1-α), as indicated by shifting of PXRD peaks 
towards higher Bragg angles (Figure 1d).46  The single 
crystal structure of NKPOC-1-α was obtained via slow 
drying of NKPOC-1-β in air and revealed that NKPOC-1-α 
is close-packed (Figure 1c) with a contracted (13.1%) unit 
cell (a =18.6187Å, b =15.7648 Å, c =17.9841 Å, β = 103.318
° , V =5136.7 Å3). The 2D layers linked via π-π  interactions 
are retained, while the interlayer distance is contracted 
from 7.9 to 5.6 Å. Additionally, we observed water 
molecules (one water molecule per cage determined by 
SCXRD) residing in a cavity between layers (Figure S3). In 
order to address the origin of the water molecules, we 
examined different drying conditions. Drying under 
vacuum at room temperature or at 120 ℃ both resulted in 
NKPOC-1-α as verified by PXRD (Figure S4). 1H NMR 
spectra (Figure S5) further revealed that the water 
molecules observed in NKPOC-1-α were likely adsorbed 
from air since water was not detected under other drying 
conditions. These observations indicated to us that 
NKPOC-1 could exhibit stimuli-responsive behavior and 
prompted us to study this matter further. 
Figure 1. (a) Synthesis of NKPOC-1 (C gray, N blue, O red). (b) 
Crystal structure of NKPOC-1-β viewed along the c axis and ab 
planes (left, collected at 120 K), respectively. (c) Crystallographic 
figures of the close-packing in NKPOC-1-α (bottom) and NKPOC-
1-β phase (top) along c axis and ab plane. (d) Transformation of 
as-synthesized NKPOC-1-ß to NKPOC-1-α in air monitored by 
PXRD. 
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Adsorption Experiments. N2 sorption at 77 K revealed 
that activated NKPOC-1-α did not adsorb significant 
amounts of N2 (Figure 2). CO2 sorption at 195 K revealed 
that NKPOC-1-α exhibits multi-steps and hysteresis in the 
desorption isotherm. These results suggest structural 
flexibility of NKPOC-1-α. In the first step, abrupt 
adsorption was observed at 1.8 kPa and CO2 uptake rose to 
58.0 cm3/g by 11.7 kPa. In the second step, CO2 uptake 
reached 76.2 cm3/g at 22.2 kPa. The third step was from 
22.2 to 45.0 kPa with CO2 uptake of 137.0 cm3/g. The last 
step proceeds gradually until saturation (165 cm3/g at 100 
kPa). These results suggest that activated NKPOC-1-α is 
nonporous to N2 but undergoes phase changes induced by 
CO2 at 195 K. High pressure sorption data for CO2, N2 and 
CH4 collected at 298 K revealed CO2 uptake of 83.9 cm3/g at 
44 bar and negligible N2 (3.7 cm3/g) and CH4 (3.5 cm3/g) 
uptake at 44 bar (Figure S6). Moreover, we found that after 
five consecutive cycles of low-pressure CO2 sorption at 195 
K or 100 cycles of high-pressure CO2 sorption at 298 K, CO2 
uptakes and gate adsorption pressures were retained 
(Figure 2b and S7). 
In order to gain insight into the structural changes of 
NKPOC-1-α upon CO2 sorption, in situ adsorption coupled 
with PXRD was conducted under variable gas pressures at 
195 K (Figure 2c). NKPOC-1-α did not transform to 
NKPOC-1-β at these conditions. Based on molecular 
dynamics simulations and other gas sorption data (see next 
section and the molecular dynamics section), we concluded 
that NKPOC-1-α undergoes multiple transformations 
before it reaches NKPOC-1-γ, the phase in which CO2 
molecules are adsorbed both between and within the cages 
(Scheme 1). PXRD data revealed that NKPOC-1-γ 
reversibly reverts to NKPOC-1-α upon exposure to 
vacuum (Figure S7b).
Figure 2. (a) Gas sorption isotherms of activated NKPOC-1-α at 
77 K (N2) and 195 K (CO2). (b) Cyclability test of CO2 adsorption at 
298 K for crystalline NKPOC-1-α under high pressure. (c) In-situ 
X-ray powder diffraction patterns of activated NKPOC-1-α under 
variable gas pressures at 195 K indicate the possibility of a direct 
α→γ phase change. (d) A schematic illustration of the α→γ 
phase change.
The CO2 breathing behavior of NKPOC-1-α prompted us 
to further study sorption properties with respect to other 
gases such as C3 hydrocarbons (propyne: C3H4, propylene: 
C3H6; propane: C3H8), which are important industrial feed 
stocks. The adsorption/desorption isotherms for C3H4, 
C3H6 and C3H8 were measured at 253 K (Figure 3a) and 
revealed a Type I isotherm for C3H4 with an uptake of 85.1 
cm3/g at 100 kPa. C3H6 and C3H8 exhibited gate-opening 
behavior (12.1 kPa for C3H6 and 30.2 kPa for C3H8) and 
adsorption-desorption hysteresis with almost the same 
uptake of 72.6 cm3/g at 100 kPa. The gate-opening 
pressure was observed to increase with temperature. For 
example, at 273 K (Figure 3b), the gate-opening pressures 
for C3H4, C3H6 and C3H8 were found to be 3.5, 36.2, and 97.2 
kPa, respectively. At 298 K or 318 K there was almost no 
uptake for C3H6 and C3H8, but high uptake for C3H4 was 
retained (> 80.0 cm3/g, Figure 3c, 3d). Plotting the gate-
opening pressure versus temperature for C3H4 (Figure S8) 
suggests an enthalpy of 37.5 kJ/mol for the gate opening.47 
Multi-cycle C3H4 adsorption-desorption isotherms were 
collected for NKPOC-1-α to investigate its recyclability at 
273 K. The C3H4 uptake and gate opening pressure 
remained constant even after 8 cycles (Figure S9). In 
addition, FT-IR spectra of desolvated NKPOC-1-α exposed 
to C3H4 at 298 K demonstrated the characteristic stretching 
vibration of C3H4 at 3256 cm-1 (Figure S10), indicating that 
C3H4 is captured by NKPOC-1-α. These results indicate 
potential utility of NKPOC-1-α for C3 hydrocarbon 
separations under ambient conditions. 
In order to study structural changes on C3 hydrocarbon 
adsorption and directly observe guest-induced structural 
transformations, in-situ X-ray powder diffraction 
experiments were performed with C3H6 (C3H4 was not 
tested because it causes corrosion) under variable gas 
pressures at 253 K. The in situ PXRD data agreed well with 
the adsorption experiments (Figure 4a). Figure 4b reveals 
that no structural change occurs at 21 kPa or below. New 
diffraction peaks appeared from ~35 kPa, suggesting a 
structural change. The pristine NKPOC-1-α phase had 
completely disappeared by ~67 kPa and the PXRD pattern 
agreed well with that of NKPOC-1-β. It was found that 
NKPOC-1-β readily transformed back to NKPOC-1-α after 
C3H6 desorption (Figure S11).
Figure 3. Sorption isotherms of NKPOC-1-α for C3H4, C3H6 and 
C3H8 at (a) 253 K, (b) 273 K, (c) 298 K, (d) 313 K. Filled and open 
symbols represent adsorption and desorption, respectively.
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We next determined if sorbed gases reside inside or 
outside the cages by studying amorphous NKPOC-1 
obtained via a freeze-drying method (Figure S12 and S13). 
Amorphous samples adsorbed a relatively low amount of 
C3H4 (15.6 cm3/g at 108 kPa) at 298 K (Figure S14), 
indicating that the gate-opening of NKPOC-1-α results 
from extrinsic porosity. This conclusion is further 
supported by molecular dynamic simulations as detailed in 
the following section. We also noted that grinding of 
samples had only a small effect upon kinetics and no effect 
upon uptake (Figure S8).
Figure 4. (a) Adsorption and desorption isotherms of activated 
NKPOC-1-α for C3H6 at 253 K. (b) In-situ PXRD experiments 
collected under variable gas pressures at 253 K.
Molecular Dynamics Simulations. To understand the 
nonporous-to-porous phase transformation process, we 
studied the microscopic adsorption mechanism of NKPOC-
1 using MD simulations (see numerical details in SI). We 
first computed the free energy profiles of CO2, C3H4, and 
C3H6 intercalating inside a single NKPOC-1 cage (C3H8 is 
not included as it is even more difficult to intercalate than 
C3H6, whose intercalation is already unfavored (vide 
infra)). The results are given in Figure S15 and S16. At 195 
K, CO2 features a strong binding site at the surface of the 
cage (rCOM = 7.5 Å) and a weaker binding site (rCOM = 0 
Å). These two sites are separated by a 20 kJ/mol free 
energy barrier, and both are associated with favorable 
negative free energies. In contrast, at 298 K, both C3 
molecules are unable to enter the cage, as indicated by the 
positive free energies at rCOM = 0. These results imply that 
the adsorption of CO2 and C3 molecules may happen 
through different mechanisms, as we explain below.
In order to study the sorption-induced phase transitions 
in more detail, we performed simulations based upon the 
crystal structure of NKPOC-1-α. MD simulation reproduces 
all the experimental lattice parameters of NKPOC-1-α 
within 3% except for the β angle (111° vs. 103°). Starting 
from this activated structure, we adopted a “greedy 
algorithm” (see details in SI) to determine the positions 
and energies of the adsorbed molecules. In the following 
discussion, we address the C3 gas results and then CO2, 
which is more complicated.
For C3 gases, significant structural changes occurred 
when three molecules were loaded per cage. For C3H4, the a 
axis increased from 19.2 Å to 21.1 Å, and the β angle 
shrunk from 111° to 99°. Both changes agree with the 
experimental trends (the a axis increases from 18.7 Å to 
20.8 Å, β decreases from 103° to 97°). All gas molecules 
reside in the extrinsic pores, and the experimental 
structure NKPOC-1-β was reproduced. In Figure 5c, we 
illustrate simulated NKPOC-1-β fully loaded with C3H4 
(green shaded areas mark the cavities). 
Figure 5. Crystal structures of NKPOC-1 and their gas adsorption 
energies. a) The simulated crystal structure of activated NKPOC-
1-α; b) the adsorption energies at 298 K and the lattice parameter 
‘a’ plotted against the loading amount; c) the simulated crystal 
structure of fully loaded (ngas/ncage=3) NKPOC-1-β. 
The adsorption energies at different loading stages were 
computed using the following equation:




E N N E N N EN
N
E N
         
Here, △N is the number of inserted molecules, Egas is the 
total energy of a single gas molecule at the corresponding 
temperature, and <…> denotes the ensemble average over 
the MD trajectory. The resulting adsorption energies at 298 
K are plotted in the upper panel of Figure 5b, with the 
lengths of a axis plotted in the lower panel, both as 
functions of loading ratio. Adsorption energies at a lower 
temperature (253 K) are also available in Figure S17. For 
all three C3 gas species, the a value drastically increases 
between a loading ratio of 1.0-1.5 (illustrated by the red 
shaded area), thereby forming cavities between POCs. This 
transition region happens at uptake of 21~32 cm3/g, 
corresponding to 20 kPa–40 kPa of external pressure 
Figure 4a). This concurs with the results reported in Figure 
4b, which reveal that the α→β transition happens between 
21-67 kPa. Meanwhile, in the same region, the adsorption 
energy increases (unfavorable for adsorption) due to the 
energy penalty associated with cavity formation. After the 
cavities are created, more gas molecules can be adsorbed 
with more favorable adsorption energies until the voids 
are completely filled. Consequently, the adsorption energy 
features a wavy shape (see Figure 5b), fluctuating by ~20 
kJ/mol. it is likely that such a wavy-shape will be carried 
over to the chemical potential profile, impacting its 
adsorption behavior in a profound way. We schematically 
illustrate the wavy chemical potential in Figure 6. During 
the adsorption process, the chemical potential (µ) 
increases with external pressure, and the system evolves 
following the blue path. When the system climbs to the 
spinodal point A, it leaps forward in loading capability, 
leading to the s-shape “ switch-on ”  feature of the 
experimental isotherm. Meanwhile, during the desorption 
process, the system follows the red path, which also 
features a discontinuous “switch-off” at the spinodal point 
B. The two spinodal points A and B correspond to different 
µ, giving rise to the hysteresis. Quantitative chemical 
potential analysis is ongoing in our lab in order to further 
verify this assumption.
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Figure 6. Schematic illustration of the adsorption/desorption 
process.
The on/off switching behavior observed herein can be 
advantageous for gas storage and separation applications 
as only a small change of pressure is required to promote 
adsorption/desorption. This is especially the case when 
the switching occurs between closed and open phases, as 
observed herein. The resulting S-shaped or “Type F-IV”48 
isotherms are quite distinct from the Langmuir or “Type I” 
isotherms typically seen for rigid porous materials. 
Importantly, such switching isotherms can maximize the 
selectivity of the adsorbent even when only small 
differences in adsorption energy are in play. By comparing 
the heights of the first peak of the adsorption energy (i.e., 
the activation energy of the “switch-on”  process), we can 
predict the selectivity of NKPOC-1-α for gas molecules. 
According to Figure 5b, the order of the activation energy 
is C3H8 ≈ C3H6 < C3H4, indicating facile switch-on for C3H4 vs. 
C3H8. These results are once again in agreement with 
experimental data. These simulation results, in 
combination with our experimental data presented above, 
suggest that NKPOC-1-α could be an effective adsorbent to 
separate C3 gases.
For CO2, adsorption energy and a axis elongation results 
are presented in Figure S18 and S19. Consistent with 
experimental data, NKPOC-1-α possesses a high affinity for 
CO2. The adsorption energy is -30 kJ/mol up to a loading 
ratio of 2 (42 cm3/g uptake). The phase transition does not 
occur until 3.16 loading ratio (66 cm3/g uptake), matching 
the experimental data in Figure 2a. Most interestingly, we 
observed CO2 molecules entering the intrinsic pores in our 
simulations, which did not occur for C3 molecules. The 
resulting structure at 126 cm3/g uptake is shown in Figure 
S20; both intrinsic and extrinsic sites are occupied. CO2 is 
therefore predicted to adsorb in NKPOC-1-α and afford the 
γ  phase (Scheme 1 and Figure 2d). That the modelling 
results indicate that both the intrinsic and extrinsic pores 
can be partially occupied with CO2 molecules at all loadings 
suggests that it is possible for the γ  phase to directly 
transform from the α  phase through a “one-phase” 
mechanism, i.e. without forming a transient β phase, under 
certain conditions. Conversely, the room temperature high 
pressure recycling data is consistent with transformation 
between NKPOC-1-α and NKPOC-1-β. 
Experimental Gas Mixture Breakthrough. As shown in 
Figure 3c, the C3H4 uptakes for NKPOC-1-α are 
systematically higher than C3H6 and C3H8 at 298 K, 
suggesting propensity for C3H4/C3H6, C3H4/C3H8 and 
C3H4/C3H6/C3H8 separations. It is possible to use single-
component adsorption isotherms to estimate the 
adsorption selectivity of porous materials. The ratio of 
C3H4/C3H6 and C3H4/C3H8 adsorbed at 90 kPa and 298 K 
are 29.3 and 51.2 respectively, indicating that NKPOC-1-α 
is potentially useful for separating C3H4 from C3H6 or C3H8 
at near ambient temperature. To examine the separation 
performance, kinetically controlled real-time fixed-bed 
column breakthrough experiments were conducted using 
binary and ternary gas mixtures of C3H4/C3H6 (2:1, v/v) 
and C3H4/C3H8 (2:1, v/v) at 298 K (Figure 7a). NKPOC-1-α 
exhibited excellent separation performance towards C3H4 
for the binary C3H4/C3H6 and C3H4/C3H8 gas mixtures with 
C3H4 saturation uptakes and breakthrough retention times 
of 75.6 cm3/g, 137 min/g and 55.2 cm3/g, 100 min/g, 
respectively. The C3H6 and C3H8 purity in the outlet gas 
streams were 98.5% and 98.0 % (Figure S21a), 
respectively. To further examine the potential of NKPOC-1-
α for removal of C3H4 from a C3H6 and C3H8, a breakthrough 
experiment with a ternary gas mixture C3H4/C3H6/C3H8 
(2:1:1, v/v/v) (Figure 7b) was conducted under ambient 
conditions. C3H4 was retained in the packed column for 135 
min/g and the C3H4 saturation uptake was calculated to be 
67 cm3/g (Figure 7b and S21b). This good separation 
performance of NKPOC-1-α can be attributed to its 
selective gate-opening effect for C3 hydrocarbons and the 
strength of the interactions once open. Although the 
overall performance of NKPOC-1-α for C3 hydrocarbon 
separation does not surpass benchmark MOF materials,49,50 
we consider our study to be the first demonstration of the 
use of SPCs for C3 hydrocarbon separation. Compared with 
MOFs, the major advantages of NKPOC-1-α lie with high 
water stability (Figure S22), facile regeneration (Figure 
S23) and relatively low cost.
Figure 7. (a) Dynamic experimental fixed-bed column 
breakthrough results of binary (2:1, v/v) C3H4/C3H6 and 
C3H4/C3H8 gas mixtures in an absorber bed packed with activated 
NKPOC-1-α; (b) ternary breakthrough experiment of 
C3H4/C3H6/C3H8 (2:1:1, v/v/v) gas mixture.
CONCLUSION
In this study we report a new type of soft porous crystals 
based on a new organic cage (NKPOC-1). NKPOC-1 
exhibits guest-induced breathing behavior with CO2 and C3 
hydrocarbons promoting activated NKPOC-1 crystals to 
reversibly switch from a “closed” nonporous phase (α) to 
two porous “open” phases (β or γ). The adsorption-
induced reversible structural transformations were 
studied via single crystal structure analysis, in situ 
adsorption/X-ray diffraction experiments and molecular 
dynamics simulations. NKPOC-1-α exhibits gate opening 
or abrupt adsorption for propyne but not for propylene 
and propane at ambient condition. This selective gate 
opening effect can explain why NKPOC-1-α can highly 
efficiently separate binary or ternary C3 gas mixtures as 
verified by fixed bed column breakthrough experiments. 
This report is the first demonstration of the potential to 
use molecular SPCs for C3 hydrocarbon separation. The 
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strategy of using organic cages to form SPCs is of broad 
scope and is likely to offer a new approach to utilizing 
molecular crystals for gas separations.
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